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Understanding the Past isthe
Key to Predicting the Future

We have used our CTM to do 50-year hindcast/forecast
for stratospheric composition (1973-2022) including
chlorine/bromine forcing, solar cycle uv, and volcanic
aerosols

Thesimulation used GCM dynamicswith model-
generated interannual variability

We havererun 1979-1999 without volcanic aer osols

We haverestarted in 1973 and set off the Pinatubo
volcano in 1975, atime of lower chlorine concentration



Total Ozone {DU)
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Little bias, apparent
solar cycle, downward
trend, and probably

a volcanic effect due

to aerosols: but it is
difficult to evaluate
volcanic effect. Wecan
rerun the model
without aer osols and
subtract to get volcanic
term.



What isthe Pinatubo Effect on Ozone
INn the Model?

Aerosolsreduce NOXx --> |less NOx loss, more CIOx loss

NOX wins CIOx wins
1992 1976

Volcanic Effect 1992 (%) Volcanic Effect ].9’?6(%)




Dynamical Component
of Trend

e “Accidental” dynamical component
— Statistical effect dueto shortnessof record

o “Forced” dynamical component
— Driven by ozone change or climate change



Deviation {DL)

No. Cases

Deter mining the probability of randomly-generated
trendsfrom model variability (the “accidental” trend)

North Mid- Latltude
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Residual on-line parameterized ozonetime
series after removal of seasonal variation:

We can fit straight linetrendsthrough
various sections of the data (fit aline, then
Move over one month and repeat).

And then we can plot the probability
distribution of the slopes.

Theresult in thiscaseistri-modal in this
Case because we have only 35 yearsand are
Fiiting 15-year slopes-they are mostly
redundant



Statistical Characterization of theTime Series

Correlation Coeff
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Auto correlation coefficient versustimelag
In months (dashed lineislag 1 coefficient
raised to the nth power wheren isthelag)

Residual white noise after removal of auto-
I egressive component. Seriescan be
Represented by AR-1 model with

X(t) = ¢ x(t-1) + &(t)

where ¢ =0.82 and ¢ isgaussian noise with
standard deviation of 3.5 DU (check no.)



Trend PDF from Artificially-Created Time Series

We can usethe ¢ and € from the AR-1

model to construct artificial time

seriesof arbitrary length. Thistime
1400-Y ear Series series can then befitted with trends
over 15-year periodsto produce a PDF
] that isgaussian. The standard
! deviation of thisdistribution givesthe
' uncertainty introduced into trends by
statistical variability of the modd.

20 Uncertainty (15-yvear Trends)

Ol - Region DU/decade | %/decade
10 5 0 5 10
Trend (DU/decade) NML 5.6 1.8
Equator 4.4 1.7
SML 6.4 20

Global 1.0 0.35




Trends Deduced from CTM
Simulation

All in DU/decade

e Dynamical trend from on-line parameterized ozone tracer

ozonetracer
Reqion Dates Dynamical | Chemical M odel
€ Trend Trend Trend
Global | 1979-1999 +0.2 -7.4 -7.2
50°N 1979-1999 -5.9 -8.6 -14.5
Global | 1995-2022 -2.2 +3.9 +1.7
50°N 1995-2022 -0.4 +3.1 +2.7

Tremd § 1L Thecade)

Chemical trend from difference between CTM ozone and
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Forced Dynamical Component of
Trend

 We have carried out two 20-year
simulations of the GCM using different
ozone climatologiesin theradiation code
— Pre-ozone hole: 1978-1980 mean from CTM
— Ozone hole: 1998-2000 mean from CTM

e Zonal monthly mean climatologies were
used In each case



M ean Differ ence Between 20-Y ear Simulations with
Pre and Post Ozone Hole Ozone in Radiation Code:
Total On-Line Parameterized Ozone
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P and L for ozone are exactly the samein both runs: the only
differenceisthetransport



M ean Differ ence Between 20-Y ear Simulations with
Pre and Post Ozone Hole Ozonein Radiation Code:
March
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Note negative el
changein middle
stratospherein
tropicswith
positive change
In either hemisphere

| speculatethat this
ISan indication of a
changein the
residual circulation:
this can betested!
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Thisisthe difference between the on-line parameterized ozone
Tracer for each 20-year smulation (2000-1980).



M ean Differ ence Between 20-Y ear Simulations with
Pre and Post Ozone Hole Ozone in Radiation Code:
December
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Thisisthe difference between the on-line parameterized ozone
Tracer for each 20-year ssmulation (2000-1980).



Mean On-line Ozone Differ ence Between
Delta Ozone Simulations
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Mean Temperature Differ ence Between 20-
Year Delta-Ozone Simulations
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Mean Zonal Wind Difference Between 20-
Y ear Delta-Ozone Simulations
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Trend (DU/Decade)
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Trend {DU/Decade)
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We can also ook at changesin surface
climatology

Change in Surface Temperature (¥10)

Latitude
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Longitude

But, SST isheld constant at specified values -
need r eactive ocean
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Summary of Simulations

CTM

e 50-year hindcast/
forecast with FVGCM
winds

o 20-year rerun without
volcanic aer osol

e O-year rerun with
Pinatubo in 1975

GCM

50-yearswith Hadley
SST, 1949-1999

50-yearswith AMIP
repeating SST

50-year swith mean of
Hadley SST repeating
20-year s with 1978-1980
ozone climatology

20-year s with 1998-2000
ozone climatology
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